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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ Sononchemistry, a technique, whereby chemistry is carried out in an acoustically cavitating field has been known for many years and has been described as a useful tool for enhancing reaction rates in certain organic reactions. 3 The phenomenon of "sonochemical switching" whereby the pathway of reaction is changed under sonication conditions was first reported by Ando (Scheme 1). 4 Debate remains as to whether the "sonochemical effect" actually exists and is in fact just the effect of very efficient mixing. Reisse and co-workers have reported an extensive study in this area and found that through the use of efficient stirring (using a homogeniser) the pathway of the originally proposed sonochemical switch reaction reported by Ando can be switched using this technique thus pointing towards the fact that sonochemistry has no "special effect". During the course of our optimisation studies for the electrochemical incorporation of carbon dioxide into epoxides to afford cyclic carbonates we chose to carry out the reaction using sonication with a standard cleaning bath. The reactions were run in a single compartment cell, with acetonitrile as solvent, tetrabutylammonium bromide as electrolyte, with a copper cathode, magnesium anode, and 60 mA current in a 50-60 Hz sonic bath. We were surprised to find that for our test substrate styrene oxide, on analysis of the crude reaction mixture, none of the desired cyclic carbonate was observed, instead we obtained a >99% conversion (90% isolated yield) to the parent alkene with no trace of the cyclic carbonate (Scheme 3). Scheme 3. Sonochemical deoxygenation using electrosynthesis
The deoxygenation of epoxides is a challenging area of research, since the successful reduction presents the epoxide unit as a viable protecting group for alkenes. Intrigued by our initial findings we performed a series of control reactions in which we found that it was essential to have a carbon dioxide atmosphere (under argon no reaction was observed), in the absence of current no reaction occurred and without heating we still observed alkene formation (67% conversion by 1 H NMR).
With our optimized conditions in hand we then chose to screen a range of substrates to see what effect substituents would make to the deoxygenation reaction, with mixed results (Table 1) . As a general rule under our conditions aliphatic epoxides produced the cyclic carbonate in excellent conversion but di-,tri-substituted epoxides remained untouched. Styrene oxide remains the only substrate to fully convert to the alkene with no trace of the corresponding cyclic carbonate and disappointingly there appears to be no correlation with the electron withdrawing or donating ability of the substituents present on the aromatic substrates. However, this work does represent the first report of sonochemical switching for this type of process. We also found that aziridine substrates were compatible with our carbon dioxide incorportation process but they too did not undergo formation of the parent alkene under sonochemical conditions (Scheme 4). In conclusion we have identified a new entry into the sonochemical switching process that works well for styrene oxide but further investigations are required in order to develop this into a practical approach to alkene group protection as epoxides. We are currently investigating the proposed mechanism, under standard heating and stirring conditions we believe an ionic mechanism similar to that reported by North and coworkers is in operation as retention of stereochemical information in the final cyclic carbonate product is observed when employing enantiomerically enriched epoxides. We believe that the reaction utilizing ultrasonic irradiation promotes a single electron transfer process that could be similar to that reported by Huang and coworkers, presumably aromatic systems tend to undergo the SET process due to stabilization of the benzyl radical, which cannot be achieved when employing aliphatic epoxides. However, under our conditions we do not observe alkene formation in the absence of carbon dioxide, and we also do not observe conversion of cyclic carbonate to alkenes under the reaction conditions. We are also investigating the factors that influence the ratio of products in our laboratory and full results will be published in due course.
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(1 2 Styrene oxide 1 (0.12 g, 1.0 mmol) and CO 2 (balloon) in acetonitrile (150 mL) were electrolysed (constant current: 60mA) for 6h in a single compartment cell (Mg anode and Copper(0) cathode) containing Bu 4 NBr (0.32 g, 1.0 mmol) as supporting electrolyte at 50ºC. On completion the reaction mixture was washed with aqueous 0.1 M HCl (50 mL) followed by extraction with Et 2 O (3 x 35 mL). The combined organic extracts were then dried over MgSO 4 and evaporated under reduced pressure to afford a amber oil, which was suspended in EtOAc (100 mL). After 1 h the precipitated Bu 4 NBr (0.30 g, 95%) was removed by filtration and the solvent evaporated under reduced pressure to afford an amber oil. This crude material was purified by column chromatography on silica gel eluting with ethyl acetate:light petroleum. Colourless solid (conv: 99%, 0.12 g, 96%) mp 49-51 ºC, v max (CH 2 Cl 2 )/cm 113.7, 126.2, 127.8, 128.5, 137.0, 137.7. (12) General procedure for cyclic carbamate formation: The aziridine (2.0 mmol) in acetonitrile (20 mL) was added to a solution of supporting electrolyte: Bu 4 NBr (0.64 g, 2.0 mmol) in acetonitrile (130 mL), the resulting solution was flushed with CO 2 for 1h, followed by heated electrolysis at 50 ºC with constant stirring at a constant current of 60mA for 6 h under a CO 2 balloon, in a single compartment cell containing a magnesium anode and copper cathode. On completion the reaction mixture was filtered to remove the precipitated MgCO 3 and evaporated to dryness followed by addition of EtOAc (50 mL). After 1 h the precipitated Bu 4 NBr (~70% recovered) was removed by filtration and the solvent evaporated under reduced pressure. The crude carbamate was then analysed by 1 H NMR spectroscopy to determine the regioselectivity and then purified by column chromatography on silica gel eluting with ethyl acetate:light petroleum: 18.3, 46.7, 50.8, 64.7, 127.8, 127.9, 128.3, 128.8, 158. 45.9, 48.5, 74.6, 125.5, 126.3, 128.1, 128.2, 128.8, 128.9, 135.7, 138.6, 158.0. (14) This was confirmed by submitting phenyl ethylene carbonate instead of styrene oxide to the reaction conditions reported in reference (11). Only phenyl ethylene carbonate and supporting electrolyte was observed in the crude reaction 1 H NMR spectrum.
